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summary 

The problems a s soc ia t ed  wi th  f l u x  mapping i n  t h e  Plum Brook 

Research Reactor ,  which employs an 18 p l a t e  Mate r i a l s  Tes t ing  

Reactor  t y p e  f u e l  element, a r e  discussed f u l l y .  Design of a 

f lux survey instrument  i s  presented which, u t i l i z i n g  four  s o l i d  

s t a t e  f i s s i o n  probes,  makes it poss ib le  t o  map t h e  complete Plum 

Brook c o r e  i n  a l i t t l e  over 6 hours ,  w i th  t h e  d a t a  presented i n  

a form immediately a v a i l a b l e  for a n a l y s i s .  Mapping a f u e l  

element (from even 30 f t  . above t h e  core)  does not  r e q u i r e  an 

a c c u r a t e  above water pos i t i on ing  system, y e t  a high degree of 

accuracy (kO.1 i n . )  i n  r e fe renc ing  in-core  measurements has 

been obta ined .  

The e f f e c t  of r a d i a t i o n  on t h e  semiconductor d e t e c t o r s  and 

t h e  ope ra t ing  c h a r a c t e r i s t i c s  of  t h e  instrument  I along w i t h  

t y p i c a l  flux p r o f i l e s  obtained i n  mapping t h e  Plum Brook Reactor  - 
209 W I l O d  A l l l 1 3 V d  

are p resen ted .  

In t roduc t ion  

One June 14, 1961, t h e  Nat ional  Aeronaut ics  and Space 

Admin i s t r a t ion ' s  Plum Brook Research Reactor (PBR) went c r i t i c a l .  

I n  a n t i c i p a t i o n  of t h e  many f lux  measurements which would b e  

r e q u i r e d  i n  t h e  power r e a c t o r  and i t s  low power mock-up (MUR) 
\ 
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I .  

I a program w a s  i n i t i a t e d  t o  look i n t o  ways and means of reducing  t h e  

t h e  time requ i r ed  f o r  f l u x  mapping and t o  inc rease  t h e  accuracy  of 

I t h e  measurement. 

The PBR is  a high f l u x ,  heterogeneous,  enr iched fue l , t he rma l  . * 

r e a c t o r  employing an 18 p l a t e  Mater ia l s  Tes t ing  Reactor (MTR) t y p e '  

f u e l  element (see f i g .  1) i n  a 3 by 9 a r r a y .  The s tandard approach 

t o  mapping a co re  of t h i s  t y p e  has been t o  i r r a d i a t e  w i re s  o r  

f o i l s  suspended i n  t h e  water channels between t h e  c l o s e l y  spaced 

(0.110 i n . )  f u e l  p l a t e s .  Af te r  removal of t h e  wires  from t h e  

core ,  t h e  f l u x  a t  each poin t  i s  then  determined from t h e  measured 

a c t i v i t y  a long t h e  l eng th  of t h e  wire .  The f a c t  t h a t  measurements 

by means of induced a c t i v i t y  r e q u i r e  two s t e p s ,  i . e . ,  t h e  i r r a d i a -  

t i o n  fol lowed by  t h e  a c t i v i t y  measurements, makes t h i s  technique  

q u i t e  l eng thy  and involved.  

Using an i o n i z a t i o n  chamber combines t h e  i r r a d i a t i o n  and t h e  

measurement i n t o  an ins tan taneous  i n d i c a t i o n  of t h e  neutron f l u x .  

While most i o n i z a t i o n  chambers are r a t h e r  l a r g e ,  r ecen t  advances i n  

semiconductor technology have made poss ib l e  extremely small  s o l i d  

s ta te  f i s s i o n  d e t e c t o r s .  

I 
The purpose of t h i s  paper is  (1) t o  d e s c r i b e  an instrument  

which, u t i l i z i n g  semiconductor d e t e c t o r s ,  can b e  used f o r  r a p i d  

and a c c u r a t e  low power f l u x  mapping i n  r e a c t o r s  employing MTR type  

f u e l  elements and ( 2 )  t o  present  experimental  r e s u l t s  ob ta ined  i n  

mapping t h e  PBR. 
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Design Aspect.s of Instrument 

The problem of ob ta in ing  t h e  f lux  d i s t r i b u t i o n  i n  a p l a t e  

t y p e  fue l  element is  e s s e n t i a l l y  two-fold; f i rs t ,  a d e t e c t o r  

must b e  made s m a l l  enough t o  pass  between t h e  c l o s e l y  spaced 

f u e l  p l a t e s ,  and second, a means must b e  provided t o  p o s i t i o n  

t h e  d e t e c t o r  e a s i l y  and t o  record exac t ly  where t h e  measurement 

is  made. The d i f f i c u l t i e s  of pos i t ion ing  through 10 f t .  of s h i e l d -  

i n g  ( s e e  f i g .  2 )  water a r e  compounded by t h e  co re  s t r u c t u r a l  

m a t e r i a l  and t h e  c o n t r o l  rod guide bear ing suppor ts ,  which p a r t l y  

obscure t h e  f’uel elements.  

The flux survey instrument  u t i l i z e s  fou r  s o l i d  s ta te  f i s s i o n  

probes,  which a r e  s imultaneously dr iven  between f u e l  p l a t e s .  

Each probe i s  50 i n .  long,  w i t h  a rec tangular  c r o s s  s e c t i o n  of  

0.092 by 0 .28  i n .  ( s e e  f i g .  3 ) .  The probe housing i s  cons t ruc ted  

of aluminum, and t h e  two s i g n a l  leads running t h e  l eng th  of t h e  

probe inc lud ing  t h e  d e t e c t o r  a r e  mtted i n  p a r a f f i n .  Removable 

t i p s  a r e  provided for d e t e c t o r  replacement. A s e t  of four 

d e t e c t o r s  can b e  changed i n  about 1 / 2  hour.  

The instrument  as shown i n  f i g u r e  4 i s  60 i n .  long and 2.75 

i n .  i n  d iameter .  The probe guide has a s p e c i a l  head, which con ta ins  

a microswitch-actuated c i r c u i t ,  which e s t a b l i s h e s  t h e  necessary  

x-y coord ina te  system and al lows t h e  instrument t o  b e  pos i t ioned  

from above on i t s  own support ing cable .  The l ead ing  s u r f a c e  of 

t h e  guide  d i n s  has a narrow groove ( i n t o  which t h e  microswitch- 

a c t u a t o r  is  extended) t r a v e r s i n g  i t s  length ,  and two nylon guide 

l o c a t e d  on a l i n e  perpendicular  t o  the  d i r e c t i o n  of t h e  groove. 
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The probe guide head, made of red Luci te  s o  as t o  b e  v i s i b l e  under 

water, i s  shaped t o  pass  i n t o  t h e  upper f u e l  element end box w i t h  

a minimum of  c learance .  

A l l  four probes are mounted on a w a t e r t i g h t  Luci te  c a r r i a g e ,  which 

r i d e s  on an aluminum d r i v e  screw and two s t a i n l e s s - s t e e l  guide rods .  

A p u l l y  mechanism i s  used t o  t a k e  up t h e  s l a c k  i n  t h e  fou r  c o a x i a l  

s i g n a l  cab le s  as t h e  probes are dr iven  down between f u e l  p l a t e s .  

T h i s  removes t h e  p o s s i b i l i t y  of  t h e  s i g n a l  cab le s  becoming en- 

tangled  i n  t h e  c o n t r o l  rod mechanisms. The p u l l y  arrangement i s  

accomplished by al lowing t h e  s i g n a l  cab les ,  which e n t e r  the  Luc i t e  

c a r r i a g e  through t h e  probe housings,  t o  r e v e r s e  d i r e c t i o n  and leave  

through w a t e r t i g h t  f i t t i n g s  i n  t h e  ca r r i age .  The coax ia l  s i g n a l  

c a b l e s  aga in  r e v e r s e  d i r e c t i o n  by passing around a weighted p u l l y  

and cont inue  on up through a passage i n  t h e  cen te r  of t h e  Luc i t e  

c a r r i a g e .  A clamp arrangement i s  provided j u s t  under and on t h e  

s i d e  o f  t h e  motor housing t o  hold t h e  s i g n a l  cab le  secu re ly  i n  p l ace .  

The uppermost po r t ion  of t h e  instrument conta ins  t h e  d r i v e  

motor w i t h  i t s  a s soc ia t ed  c l u t c h  mechanism and a potent iometer  

coupled t o  t h e  d r i v e  screw. The c lu t ch  i s  provided i n  case  of 

misalinment;  and t h e  potent iometer ,  i n  conjunct ion  wi th  a d i g i t a l  

vo l tme te r ,  s e r v e s  t o  record t h e  pos i t i on  (wi th  an  accuracy of kO.1 i n . )  

of  t h e  d e t e c t o r  w i t h i n  t h e  f u e l  element. A v e r t i c a l  p o s i t i o n  i n d i c a t o r  

(shown i n  f i g .  5 )  c o n s i s t i n g  of an  a i r  bubble i n  an opaque l i q u i d  i s  

a t t a c h e d  t o  t h e  motor housing t o  f a c i l i t a t e  pos i t i on ing  of t h e  i n s t r u -  

ment. The opaque f l u i d  i s  contained between two Luci te  l e n s e s .  A 

l i g h t  source ,  i n  p a r a l l e l  w i th  t h e  microswitch c i r c u i t  i n  t h e  probe 
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guide head, behind t h e  l enses  makes t h e  bubble e a s i l y  v i s i b l e  through 

t h e  10 f t .  o f  s h i e l d i n g  water and a l s o  se rves  t o  i n d i c a t e  when t h e  

instrument  i s  c o r r e c t l y  sea ted  i n  t h e  f u e l  element. The c e n t r a l  

s e c t i o n  of t h e  instrument i s  housed i n  a Luci te  t u b e  t h a t  bo th  p r o t e c t s  

t h e  four f i s s i o n  probes and adds r i g i d i t y  t o  t h e  c a r r i a g e  guides  and 

d r i v e  screw. Only t h e  motor housing and t h e  Luci te  c a r r i a g e  a r e  water-  

t - i g h t ;  t h e  rest of t h e  instrument i s  allowed t o  f i l l  w i t h  water .  

l i m i t i n g  microswitch a t  each end of t r a v e l  au tomat i ca l ly  r e v e r s e s  t h e  

d i r e c t i o n  of motion of  t h e  probes.  The four s i g n a l  l eads  are brought 

ou t  of t h e  s i d e  of t h e  instrument ,  while t h e  d i r e c t  cu r ren t  supply f o r  

t h e  d r i v e  motor, spacer  comb i n d i c a t o r ,  microswitch r e v e r s i n g  c i r c u i t ,  

v e r t i c a l  p a s i t i o n  i n d i c a t o r ,  and pos i t i on  readout  i s  c a r r i e d  by t h e  

main power cab le .  

A 

Underwater Pos i t ion ing  System 

The instrument i s  lowered through t h e  water on i t s  own support-  

i n g  power cable ;  t h e  probe guide passes  i n t o  t h e  fue l  element end box 

and comes t o  rest a top  t h e  f u e l  p l a t e s .  Because of  t h e  c l o s e  f i t  

between t h e  probe guide and t h e  f u e l  element end box, on ly  one of t h r e e  

p o s s i b l e  a l t e r n a t i v e s  can occur:  

(1) The spacer  comb of t h e  fue l  element has  not q u i t e  entered t h e  

grooved probe guide head, i n  which case t h e  microswitch c i r c u i t  has not 

been ac tua ted .  

( 2 )  The spacer  comb has  en tered  the  grooved probe guide head allow- 

i n g  t h e  nylon guide p ins  t o  come t o  r e s t  a top  a f u e l  p l a t e ,  i n  which 

c a s e  t h e  microswitch c i r c u i t  w i l l  not b e  ac tua t ed .  
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(3) The spacer  comb has entered t h e  grooved probe guide head allow- 

ing  t h e  nylon p ins  t o  come t o  r e s t  between f u e l  p l a t e s ,  a c t u a t i n g  t h e  

microswitch c i r c u i t  which i n d i c a t e s  tha t  t h e  instrument  i s  i n  ope ra t ing  

p o s i t i o n  ( s e e  f i g .  6 ) .  

The f a c t  t h a t  t h e  microswitch c i r c u i t  has been ac tua ted  i s  i n d i -  

ca ted  b y  a l i g h t  on t h e  c o n t r o l  console and i n  t h e  v e r t i c a l  p o s i t i o n  

i n d i c a t o r .  The l i g h t  i n  t h e  ind ica to r  i l l u m i n a t e s  bo th  t h e  air  bubble  

and t h e  r i m  o f  t he  u n i t  f o r  ease  of cen te r ing  t h e  bubble. An accura t e  

v e r t i c a l  r e f e r e n c e  not  on ly  makes poss ib l e  r ap id  pos i t i on ing  of t h e  

instrument  on t he  fuel element (1 min i s  normal) ,  it a l s o  i n s u r e s  r e p e a t -  

a b i l i t y  i n  pos i t i on ing  t h e  f i s s i o n  probes s i n c e  t h e  instrument  can be 

a l i n e d  t o  w i t h i n  1 degree of t h e  v e r t i c a l .  A p o s i t i v e  i n d i c a t i o n  of 

t h e  space r  comb ac tua ted  s i g n a l  l i g h t  always means t h a t  t h e  instrument  

must be i n  t h e  c o r r e c t  ope ra t ing  pos i t i on  s i n c e  t h e  microswitch can- 

not  b e  ac tua t ed  un le s s  t h e  nylon guide p ins  a r e  between f u e l  p l a t e s .  

A s  an a d d i t i o n a l  s a f e t y  f a c t o r  t h e  d r ive  motor w i l l  not ope ra t e  u n l e s s  

the comb l i g h t  c i r c u i t  has  been ac tua ted .  The PBR f u e l  element has a 

spacer  comb a t  both  ends of t he  f u e l  p la tes .  Experience has shown t h a t  

it i s  p o s s i b l e  t o  h i t  t h e  bottom spacer comb w i t h  two of t h e  fou r  probes.  

When t h i s  occurs  ( i n t r o d u c t i o n  of t he  v e r t i c a l  p o s i t i o n  i n d i c a t o r  has 

a l l  but e l imina ted  t h i s  problem) t h e  instrument  raises up o f f  t h e  f u e l  

e lement .  Because of t h e  motor over r ide  c o n t r o l  i n  t h e  spacer  comb c i r -  

c u i t ,  after t h e  instrument  has moved up 0 .1  i n .  t h e  motor vo l t age  i s  

cu t  o f f .  

Although t h e  mapping was done through 10 f t  . of s h i e l d i n g  water, 

t h e  ins t rument  has been s a t i s f a c t o r i l y  pos i t i oned  i n  a f u e l  element from 

30 f t .  above t h e  co re .  
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So l id  S t a t e  Detec tors  

A s o l i d - s t a t e  f i s s i o n  probe can b e  l ikened  t sous ion iza -  

t i o n  chamber, i n  t h a t  t h e  vo l t age  pulse  produced per i nc iden t  i on iz ing  

p a r t i c l e  depends upon t h e  c o l l e c t i o n  of e l ec t ron -ho le  (e -h)  p a i r s  

which are formed by t h e  passage of t h e  ion iz ing  r a d i a t i o n .  The semi- 

conductor d e t e c t i n g  element c o n s i s t s  of  a s i n g l e  s i l i c o n  p-n junc t ion  

wafer coated w i t h  uranium-235. A vo l t age  pulse ,  produced by a neutron 

induced f i s s i o n  fragment,  r e s u l t s  from t h e  c o l l e c t i o n  of e-h p a i r s  i n  

t h e  r e g i o n  of  t h e  p-n junc t ion .  

w i l l  occur  a l a r g e  number of t h e  e-h p a i r s  w i l l  t r ave l  t o  wi th in  a 

d i f f u s i o n  l eng th  of  t h e  p-n junc t ion  and b e  separa ted  by t h e  f i e l d  

w i t h i n  t h e  junc t ion .  The pu l se  thus  produced i s  p ropor t iona l  t o  t h e  

p a r t i c l e  energy d iv ided  by t h e  junc t ion  capac i tance  and t h e  i o n i z a t i o n  

p o t e n t i a l  o f  s i l i c o n .  

While some recombination and t r app ing  

Operat ional  Char a c t  e r i  s t  i c s  

Each d e t e c t o r  has a thermal  neutron s e n s i t i v i t y  of -.2.5x10’4 

counts/n/cm2. 

s t r a t e s  t h e  a b i l i t y  of t h e  d e t e c t o r  t o  d i sc r imina te  between f i s s i o n  

fragments and a lpha  decay and background no i se .  A t  t h e  low power l e v e l  

at which t h e  f l u x  mapping w a s  done, t h e r e  have been no observable  e f f e c t s  

from g a m a  r a d i a t i o n .  This  is reasonKL;Lle s i n c e  a g;;.ims r a y  p o v i d e s  such 

a low i o n i z a t i o n  d e n s i t y  t h a t  on ly  a small f r a c t i o n  of  i t s  energy i s  

d i s s i p a t e d  w i t h i n  t h e  range of t h e  junc t ion .  A s  a resul t ,  pu l se  he ight  

d i s c r i m i n a t i o n  aga ins t  gamma fluxes i s  complete except f o r  p i le -up  

encountered i n  extremely high f luxes .  

I n  f i g u r e  7 is  shown a t y p i c a l  response curve which demon- 
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The t o t a l  worth (Ak/keff) of a l l  fou r  probes when f u l l y  i n s e r t e d  

i n  t h e  core  is  less t h a n  0.00015. Correct ing for t h i s  small f l u x  p e r t u r -  

b a t i o n  and maintaining cons tan t  power, as can b e  seen from f i g u r e  8, 

which shows a p l o t  of r e a c t o r  power during t h e  mapping of element LD-6, 

p re sen t s  no problem. 

The t i m e  involved i n  making a s i n g l e  t r a v e r s e  i s  determined by t h e  

d e s i r e d  accuracy i n  count ing and s p a t i a l  r e s o l u t i o n .  The f i rs t  complete 

mapping of t h e  PBR w a s  done a t  a power l e v e l  of 2 wat t s  t o  ob ta in  a 

maximum count ra te  of 10,000 counts/sec and a s p a t i a l  r e s o l u t i o n  of 

0.5 i n .  

i n g  a t o t a l  o f  over 5000 d a t a  p o i n t s  f o r  t h e  complete co re .  While a 

0.5 i n .  r e s o l u t i o n  w a s  d e s i r a b l e  from t h e  s tandpoin t  of showing t h e  

e f f e c t  of t h e  water gap i n  t h e  f u e l  shims and t h e  peaking i n  t n e  r e f l e c -  

t o r  j u s t  below t h e  f u e l  p l a t e s ,  it was f e l t  t h a t  t h e  number of measure- 

ments made could b e  s u b s t a n t i a l l y  reduced. 

p a r t i a l l y  poisoned core ,  t h e  r e a c t o r  was run  a t  a power l e v e l  of 2 w a t t s  

t o  o b t a i n  10,000 counts /sec,  however, a count w a s  t aken  over a 2-sec 

i n t e r v a l ;  a l though t h e  s p a t i a l  r e s o l u t i o n  was 1 i n . ,  t h e  d e t e c t o r ' s  be ing  

only  0.375 i n .  i n  l eng th  meant an increase  i n  r e s o l u t i o n  could e a s i l y  b e  

obta ined  by simply changing t h e  motor speed whi le  t h e  probes a r e  pass-  

i n g  through t h e  r eg ion  of i n t e r e s t .  For t h e  poisoned case ,  a t o t a l  of 

13 elements were mapped i n  3 1 /2  hours.  

t h e  f i s s i o n  probes down between t h e  f u e l  p l a t e s ,  6 min t o  withdraw t h e  

probes (measurements were made only during t h i s  p a r t  of c y c l e )  and 3 min 

t o  p l a c e  t h e  instrument i n t o  a new f u e l  element.  I n  o rde r  t o  ga in  access  

t o  t h e  elements i n  t h e  LC row (between c o n t r o l  r o d s ) ,  an a l t e r n a t e  probe 

guide  head w a s  r equ i r ed ,  which took an a d d i t i o n a l  15 min t o  i n s t a l l .  

Two hundred and f o r t y  measurements per  element were made, mak- 

I n  a r e c e n t  mapping of a 

This  i nc ludes  6 min t o  d r i v e  
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Radiat ion Damage 

I n  f i g u r e  9 i s  shown t h e  response of a s i l i c o n  d e t e c t o r  t o  uranium- 

The 235 f i s s i o n  fragments as a func t ion  o f  t h e  i n t e g r a t e d  thermal  f l u x .  

f a c t  t h a t  a c h a r a c t e r i s t i c  f i s s i o n  fragment spectrum i s  obtained even 

through t h e r e  a r e  p a r t i c l e s  i nc iden t  a t  va r ious  angles  i n d i c a t e s  t h e  

absence of any s u b s t a n t i a l  dead l a y e r .  

energy peak occurs  when t h e  c a r r i e r s ,  i n  i nc reas ing  numbers. recombine 

be fo re  they  can d i f f u s e  t o  t h e  junc t ion  reg ion .  

d iode  as a f i s s i o n  d e t e c t o r ,  t h e  ampl i f i e r  d i sc r imina to r  i s  set  just  

above t h e  no i se  l e v e l .  Any subsequent s h i f t  i n  t h e  high energy pu l se  

he ight  w i l l  not immediately a f f e c t  t h e  count r a t e ;  however, as can b e  

seen  from f i g u r e  10, t h e r e  i s  an eventual  decrease  i n  count r a t e  w i t h  

i r r a d i a t i o n .  Three d e t e c t o r s ,  each coated wi th  a d i f f e r e n t  amount of  

uranium-235, were i r r a d i a t e d .  Since each d e t e c t o r  s a w  s u b s t a n t i a l l y  

t h e  same r a d i a t i o n  environment, t h e  observed drop i n  count r a t e  was 

probably t h e  r e s u l t  of f i s s i o n  fragment damage. Mapping t h e  PBR a t  an  

average count r a t e  of 10,000 counts  per measurement and a s p a t i a l  r e so lu -  

t i o n  o f  1 i n .  r e q u i r e s  an i n t e g r a t e d  thermal  f lux of 3 . 4 ~ l . O ~ ~  NVT t o  

complete a l l  22 f u e l  elements.  

t h a t  a t  3.4x1Ol1 NVT no s i g n i f i c a n t  change i n  t h e  count r a t e  has occurred,  

it has  been a p r a c t i c e  t o  make a repea t  run  on t h e  f i r s t  element mapped 

every t e n  elements t o  d e t e c t  any s h i f t  i n  count r a t e .  F igure  11 shows 

a r e c e n t  mapping of element LB-7 (probe No. 2 p o s i t i o n )  and a r epea t  run 

i n  t h e  element a f t e r  t e n  elements had been mapped. The decrease  i n  t h e  

average f l u x  over t h e  element was 0.52. The f a c b t h a t  t h e  r e p e a t  came 

c l o s e  i s  i n d i c a t i v e  not only of t h e  r e l a t i v e l y  small amount of damage done, 

A r ap id  r educ t ion  i n  t h e  h igh  

I n  us ing  t h e  s i l i c o n  

Although it can be  seen from f i g u r e  10 
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bu t  a l s o  of t h e  a b i l i t y  t o  p lace  t h e  probe i n  e x a c t l y  t h e  same p o s i t i o n  

as t h e  i n i t i a l  run .  Since t h e  probes a r e  a l s o  equipped w i t h  removable 

t i p s ,  for r a p i d l y  changing de tec to r s ,  r a d i a t i o n  damage never becomes a 

pr  ob l e m  . 
Contro l  Ins t rumenta t ion  and Data Processing 

Figure  12  shows a block diagram of t h e  c o n t r o l  ins t rumenta t ion  and 

readout  equipment as w e l l  as t h e  c i r c u i t r y  contained wi th in  t h e  i n s t r u -  

ment. Using a charge s e n s i t i v e  preampl i f ie r  v i r t u a l l y  e l imina te s  t h e  

capac i tance  problem ( p u l s e  height  i nve r se ly  p ropor t iona l  t o  capac i tance)  

and a l lows  40 f t .  of cab le  between t h e  d e t e c t o r  and t h e  p reampl i f i e r .  

A s i n g l e  count ing channel i s  u t i l i z e d  i n  conjunct ion wi th  a so lenoid  

ac tua ted  c o a x i a l  switch,  which cycles  between probes.  The f i s s i o n  pu l ses  

are monitored on an osc i l l o scope ,  and a d u a l  p r e s e t  counter  c o n t r o l s  t h e  

count ing channel.  The d a t a  a r e  immediately p r in t ed  on paper t a p e ,  record-  

i ng  t h e  probe number, p o s i t i o n  i n  t h e  f u e l  element and count r a t e .  An 

x-y po in t  p l o t t e r  i n  conjunct ion wi th  t h e  p r i n t e r  has been provided t o  

a f f o r d  a v i s u a l  account of t h e  f l u x  v a r i a t i o n  w i t h i n  a f u e l  element and 

t o  make t h e  d a t a  immediately a v a i l a b l e  f o r  a n a l y s i s  upon completion of 

t h e  t r a v e r s e .  A t y p i c a l  fami ly  of curves made by t h e  p l o t t e r  dur ing  a 

t r a v e r s e  i s  shown i n  f i g u r e  13. The complete system i s  contained wi th-  

i n  a double  r a c k  which during opera t ion  i s  placed w i t h i n  s e v e r a l  fee t  of 

t h e  p re s su re  v e s s e l .  An a d d i t i o n a l  modi f ica t ion  i s  planned which w i l l  

a l low t h e  informat ion  s imultaneously t o  b e  put on IBM ca rds .  Th i s  addi-  

t i o n  w i l l  a f f o r d  an easy way of applying any c o r r e c t i o n  f a c t o r s  and 

gene ra t ing  average flux va lues .  
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Resu l t s  of Flux Mapping i n  PBR 

The mapping of t h e  PBR wi th  t h e  survey instrument  w a s  done i n  a cold 

c l ean  core  wi th  t h e  r e a c t o r  c r i t i c a l  on f ive  f u e l  shims as a bank a t  15.4 

i n .  w i t h  t h e  t h r e e  bery l l ium shims and t h e  two r e g u l a t i n g  rods  f u l l y  

withdrawn. F igure  14 shows a p l an  view of t h e  F'BR w i t h  an i n s e r t  show- 

i n g  t h e  p o s i t i o n  of each of t h e  four  probes.  With t h e  r e a c t o r  a t  a 

power l e v e l  o f  2 watts,  measurements were made a t  0.5 i n .  i n t e r v a l s  

whi le  t h e  probes were i n  motion. 

( i n c l u d i n g  fou r  r e p e a t  r u n s ) .  

A t o t a l  of 26  f u e l  elements were surveyed 

Figure  15 shows a family of v e r t i c a l  f l u x  t r a v e r s e s  made w i t h  probe 

No. 1 i n  elements IS-'2, B-3,  B-4, LB-5, and LB-6. The l a r g e  e f f e c t  

of  t h e  f u e l  shims can b e  seen from t h e  f a c t  t h a t  a major po r t ion  of t h e  

thermal  neutrons and hence t h e  power i s  generated i n  t h e  lower h a l f  of  

t h e  element.  It i s  t h i s  source of  f a s t  neutrons which r e s u l t s  in s r z t h e r  

l a r g e  peaking i n  t h e  water  reg ion  below t h e  f u e l  p l a t e s ?  wh i l e  t h e  absence 

of any s u b s t a n t i a l  f l u x  gene ra t ion  a t  t h e  t o p  o f  t h e  f u e l  element causes 

only  a minor peaking i n  t h e  water region.  The l o c a l  e f f e c t s  of t h e  

f u e l  shims can b e  seen i n  t h e  even numbered elements.  

The Plum Brook Reactor l i k e  t h e  MCR' i s  a heterogeneous r e a c t o r ,  

and anything approaching symmetry i n  a flux d i s t r i b u t i o n  ( e s p e c i a l l y  f o r  

t h e  cold c l e a n  cond i t ion )  i s  hard t o  d e t e c t .  

which t h e  f lux  resembles a cos ine  d i s t r i b u t i o n  i s  a h o r i z o n t a l  plane 

c u t t i n g  through t h e  f l a t t e n e d  po r t ion  of t h e  peak thermal  flux. Figure 

16 shows j u s t  such a flux d i s t r i b u t i o n  cons t ruc ted  ac ross  t h e  LB row a t  

18 .7  i n ,  Probe No. 3 showed a pronounced d i p  i n  t h e  f l u x  i n  t h e  s e c t i o n  

of  element LB-5 c l o s e s t  t o  t h e  r e f l e c t o r .  A check of t h e  v e r t i c a l  t r a v e r s e  

About t h e  only  r eg ion  i n  
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made wi th  probe No. 3 i n  LB-5 i nd ica t ed  t h a t  t h e  f lux was low a l l  a long 

t h e  fue l  element. 

of LB-5 could very  poss ib ly  be 

removed from t h e  element. 

The presence of a s t rong  absorber  i n  only  one s e c t i o n  

braz ing  f l u x  which w a s  not completely 

To o b t a i n  a more complete understanding of t h e  s p a t i a l  v a r i a t i o n  

of  t h e  thermal  f l u x  w i t h i n  t h e  PBR, t h e  average f l u x  of each v e r t i c a l  

t r a v e r s e  i n  t h e  LB row was used t o  genera te  a three-dimensional  f l u x  

d i s t r i b u t i o n  ( s e e  f i g .  1 7 ) .  While t h e  l o c a l  pe r tu rba t ion  i n  t h e  I;B-5 

p o s i t i o n  was expected, t h e  appearance of a hump i n  t h e  f l u x  c l o s e  t o  

t h e  be ry l l i um r e f l e c t o r  w a s  not immediately understood. 

t a k e  a c l o s e r  look at t h e  f l u x  near  t h e  co re  r e f l e c t o r  i n t e r f a c e ,  a 

fami ly  of. h o r i z o n t a l  t r a v e r s e s  were constructed across  elements LB-5, qC-5, 

LD-5 and also LB-7, LC-7, LD-7 ( s e e  f i g .  18).  The f l u x  i n  t h e  rod re-  

I n  o rde r  t o  

g ion  fo l lows  a p r e d i c t a b l e  p a t t e r n ;  however, below t h e  rods  t h e  f l u x  

p r o f i l e  changes r a t h e r  r a p i d l y ,  g iv ing  r i s e  t o  t h e  dbserved hum;?. 

1 9  shows a s imilar  family of curves  generated across  elements I;B-3 

D-3 and a l s o  LB-9, LC-9, LD-9; t h e  same p a t t e r n  i s  apparent .  I n  a l l  

p r o b a b i l i t y ,  t h e  l o c a l  e f f e c t s  of t h e  rods  p l u s  t h e  2 i n .  water gap i n  

Figure 

LC-3, 

t h e  f u e l  shims, and t h e  presence of  t h e  f u e l  shims p a r t i a l l y  extended i n t o  

t h e  bottom r e f l e c t o r  combine t o  produce t h e  observed i r r e g u l a r i t i e s  i n  .' 

t h e  f lux .  

Summary of Resu l t s  

The b a s i c  i d e a  behind t h e  instrument w a s  t o  develop a f a s t  and accu- 

r a t e  technique  f o r  surveying t h e  flux i n  t h e  PBR and i t s  low power mock- 

up. T h i s  meant e l imina t ion  of any complicated above water pos i t i on ing  

system whi le  maintaining a h igh  degree of accuracy i n  r e fe renc ing  t h e  
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measurements. The main concern was ease  and speed of pos i t i on ing  an 

instrument which would func t ion  p e r f e c t l y  i n  a water  environment. R e s u l t s  

of  t h e  flux mapping have demonstrated t h a t  t h e  instrument has  m e t  a l l  

des ign  c r i t e r i a .  
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F i g u r e  5. - V e r t i c a l  p o s i t i o n  i n d i c a t o r  mounted on motor housing. 



Figure 6.  - Instrument i n  operating posi t ion.  
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235 f i s s i o n  fragments as a func t ion  of i n t eg ra t ed  
thermal f l u x .  
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Figure 10. - Count r a t e  as a func t ion  of i n t eg ra t ed  thermal f l u x  f o r  t h r e e  detectors ,  
each with a d i f f e r e n t  thickness of uranium-235 on i t s  surface.  
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Figure 14. - Plan view of PBR. 
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Figure 17. - Three dimensional flux distribution generated from traverses in LB row. 
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